Although common minke whales occur in relatively high numbers in the North Atlantic, relatively little is known about their seasonal movements or the location of their breeding and calving grounds. This lack of knowledge compromises our ability to protect potentially important areas for this species. Here we report high latitude winter sightings of unweaned minke whale calves recorded in offshore waters in the Northeast Atlantic. We discuss how such sightings may contribute to our understanding of the winter distribution and movements of this species; raising the possibility that a proportion of the population may over-winter at high latitudes in offshore waters, and that calving may occasionally occur in the warm North Atlantic Drift waters of western Europe's continental shelf.
adopted in 1982 to allow whale stocks to recover. However, despite this moratorium, minke whales continue to be caught commercially by a number of nations (under objection) in the North Atlantic, and they are also taken as part of a subsistence quota (IWC, 2018) .
North Atlantic minke whales are well-studied on feeding grounds, and have been recorded in summer months off the coasts of Canada, Greenland, Iceland, Norway and the British Isles, as far north as the Barents Sea e.g. (Reilly et al., 2008; Macleod et al., 2004; Bartha et al., 2011; Bertulli et al., 2018; De Boer, 2010) . In addition, summer sightings of minke whales have also been recorded in the English Channel, Celtic Sea and as far south as the Bay of Biscay (Hammond et al., 2013; Hammond et al., 2002; Laran et al., 2017) . While migratory patterns of this species are generally poorly understood, they are believed to undertake large-scale seasonal migrations between summer feeding grounds at higher latitudes, and breeding grounds at lower latitudes in winter months (Risch et al., 2014; Vikingsson & HeideJørgensen, 2015) . Although there is no genetic evidence for geographic structure between the putative stocks in the North Atlantic (Anderwald et al., 2011; Quintela et al., 2014) , minke whales are thought to distribute across at least two breeding grounds, however the location of these breeding grounds remains poorly known (Anderwald et al., 2011) . The timing of migratory movements coupled with winter sightings of minke whales and calves in the Southern Northwest and Northeast Atlantic suggest that waters off the South-eastern U.S. and West Africa are important regions for these animals, and may include calving areas (Vikingsson & Heide-Jørgensen, 2015; Mitchell, 1991; Nilsson et al., 2011) . In addition, records of stranded calves and minke whales between 3 and 4.5 m in length in the Mediterranean (Fraija-Fernández et al., 2015) further support lower latitude calving for this species. Despite increasing evidence for these low latitude breeding grounds, occasional sightings of what are described as 'young calves' in British and Irish waters in spring and summer has led to speculation that some females may calve in these more northerly waters at this time of year (Anderwald & Evan, 2007) .
Available literature suggests that conception and birth in common minke whales likely occurs in winter months (October-March) with a peak in February (Lockyer, 1984; Sergeant, 1963) , however, the timing of individual conception may vary (Larsen & Kapel, 1982) . Pregnancy rates suggest a calving interval between 1 and 2 years (Lockyer, 1981; Horwood, 1989) with gestation lasting approximately 10 months, and with new born calves ranging in length from 2.4 to 2.8 m (Sergeant, 1963; Horwood, 1989) . Weaning occurs between 4 and 6 months, at lengths between 4.4 and 5.5 m (Christensen, 1981; Hauksson et al., 2011) . Few published references to offshore minke whale calf sightings have been recorded for high latitudes in the North Atlantic, with none in winter months. Here we report on two sightings of minke whales with dependant calves in offshore waters of the Northeast Atlantic in winter, and we discuss the possibility that calving may occasionally occur in these more temperate waters.
On the 24th of March 2017 an adult minke whale accompanied by a very small calf was sighted on the Porcupine Bank in the Northeast Atlantic, in waters 264 m deep, approximately 30 km from the shelf edge and 170 km from the Irish coast (53.684°N, 12.755°W) (Fig. 1) . The sighting was recorded during an opportunistic marine mammal ship board survey. Observations were carried out from the observation deck 12 m above sea level, with unrestricted views 120 o either side of the bow of the vessel. The vessel's median travel speed was 10 kn. Weather conditions at the time of the sighting were excellent: Beaufort sea state of 2, swell less than 1 m, with no glare. The calf was initially sighted alone when it surfaced within 50 m of the starboard side of the vessel. On the calf's third surfacing, < 100 m from the vessel, it was accompanied by an adult whale. A positive identification of both animals was made at the time of the sighting and photographs were taken (Fig. 2) . The adult was estimated to be c. 8 m in length, while the calf was substantially smaller at c. 2.5 m (Fig. 2 ) (sizes estimated by experienced observers, by eye, at close range). The timing of the sighting, and the small size of the animal, suggests that it was a very young dependent calf, less than 3 months old (Evans, 1987) . Another sighting of a minke whale accompanied by a calf was recorded in deep water (2550 m) approximately 70 km from the shelf edge and 150 km from the Irish coast (55.523°N, 11.031°W) on 22nd of November 2015 (Fig. 1) . Weather conditions at the time were good; Beaufort sea state of 3, with no glare. This sighting was recorded during a dedicated cetacean and seabird aerial survey using a twin-engine, high-wing aircraft (Britten Norman Islander) flying at a height of 183 m and a speed of 90-100 kn. The aircraft was fitted with bubble windows to provide observers with unobstructed views of the sea surface directly below and abeam of the aircraft. A positive species identification was made by the observer at the time of the sighting, however, no photographs were taken. In this instance, the adult was estimated to be c. 8 m, and the calf c. 3.5 m (sizes estimated by experienced observers, by eye). It is therefore probable that given the size of this calf, and an estimated nursing period of 5-6 months (Oftedal, 1997) , this animal was also a young dependant calf.
Based on the timing of sightings and the sizes of the animals encountered, we believe the sightings reported here to be of unweaned minke whale calves. The location of the sightings, in relatively deep waters in the open ocean, is similar to sightings and/or acoustic detections recorded elsewhere (Risch et al., 2014; Folkow & Blix, 1991; Nieukirk et al., 2004) , possibly indicating offshore movement, and even calving and nursing, in winter and spring months. Vikingsson and Heide-Jørgensen (2015) recorded the first evidence of autumn migration routes and destination of common minke whales in the North Atlantic, however, the paradigm that all individuals within a mysticete species group (i.e. minke whales or humpback whales) undertake seasonal migrations between high and low latitudes has long been debated (Geijer et al., 2016; Corkeron & Connor, 1999 ). The winter sightings presented here raise the possibility that, like other mysticete whale species (Craig & Herman, 1997) , not all minke whales in the Northeast Atlantic population undertake a long southerly migration to breeding grounds in equatorial waters annually.
There are a number of hypotheses for mysticete seasonal migration, including avoidance of predation by killer whales (Orcinus orca), resource tracking, and direct benefits to the calf (Corkeron & Connor, 1999) . The latter relates to calf growth and survivorship; that females calve in the warmer waters of lower latitudes to take advantage of thermal benefits to their calves (Corkeron & Connor, 1999) . Watts et al., (1993) suggested that minke whale neonates require waters of 14°C to remain thermoneutral. The waters surrounding Ireland are greatly influenced by the North Atlantic Drift, a north-easterly-directed component of the Gulf Stream. The meeting of this warm water with the western European continental shelf results in warmer conditions than would be expected for waters of this latitude. According to satellite data from NOAA, the water temperatures at the time of the sightings of mother calf pairs in this study ranged between 12 and 13°C, close to the reported thermoneutral limit of 14°C (Watts et al., 1993) which are more typically associated with areas proximate to the Bay of Biscay in the Northeast Atlantic at that time of year. The occurrence of what would be thermoneutral water conditions for minke calves in offshore western European continental shelf waters at this time of year could be one reason why some pregnant female minke whales might remain at these higher latitudes to calve.
Acoustic data collected in the Northwest and central Atlantic contributes to our understanding of minke whale offshore and winter distributions, especially in remote areas where visual survey effort is difficult to obtain (Risch et al., 2014; Nieukirk et al., 2004; Risch et al., 2013) . However, as little is known about sex-specific or calf-specific minke whales vocalisations, identification of their breeding grounds using these data is difficult. In addition, low levels of visual survey effort year round, but particularly in winter and spring months, in the offshore waters of the Northeast Atlantic, coupled with low representative genetic sampling across the different regions of the North Atlantic (Anderwald & Evans, 2007) , has hindered the identification of calving and breeding areas for this species. Further sightings of adult minke whales during extensive aerial surveys over winter months support the hypothesis that minke whales are present in Irish waters throughout winter with a predominately-offshore distribution (unpublished data). The observations reported here extend the current northern range of minke whale calf sightings in winter into the Northeast Atlantic and raise the possibility that not all pregnant females migrate to very low latitudes in order to calf. The location and timing of these sightings highlight the need for increased visual and acoustic survey effort in offshore waters of the Northeast Atlantic to determine the movement patterns and potential breeding areas of minke whales. 
